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TWO-DIMENSIONAL PIPELINED SCHEDULING TECHNIQUE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a packet switching system 
and i n particular to a pipelined scheduling method and scheduler 
5 implemented in the packet switching system. 

2. Description of the Prior Art 

With an explosion in the use of the Internet, there is a 
growing demand for using the Internet as an infrastructure of 
coirjTianications . In order that the Internet acts as such a 

10 co-munacation infrastructure, it is necessary for a router as 
a server node to enhance the speed of data transfer and its 
function. Existing high-speed routers employ IP address 
searching achieved with hardware and high-speed data transfer 
processing with a self-routing high-speed switch fabric. 

15 To meet such a growing demand for high-speed switching, 

there has been widely used a Virtual Output Queuing (VOQ) 
crosspoint switch having N! input ports and N output ports, where 
each input port has N logical queues each corresponding to the 
N output ports. There have been proposed scheduling methods 

20 for such a crosspoint switch. 

A two-dimensional round-robin scheduling mechanism has 
been disclosed rn United States Patent 3,293,190. This 
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mechanism uses a request matrix with each row represenLing an 
input and each column representing an output. A bit in a given 
row and column of the matrix thus represents a request from a 
corresponding input port for connecnion to a corresponding 
5 output port. Diagonal service patterns are used to overlay the 
request matrix to determine which requests are to be serviced. 
■A sequence of diagonal service patterns for each of K tine slots 
is used to provide guaranteed service with fairness. 

A similar scheduling method in a data packet router has 

10 been disclosed in United States Patent 5, 734, 649. In tne data 
packet router, a matrix of crosspoint switch elements connects 
data sources to selected destinations during each of a 
succession of intervals. Allocation of switch elements to 
desired connections is accomplished by a process which provides 

15 a data array having a number of data elements corresponding to 
the number of switch elements. During each interval, a source 
is assigned to each of the data elements in accordance with a 
first current: pseudo-random shuffle pattern and a respective 
destination is assigned to each of the data element.? in 

20 accordance with a second current pseudo-random shuffle pattern. 
A new set of shuffle patterns is gensratsd during oach interval . 
A testing of successively progressing diagonal grouping of 
regions across the array of the sources and destinations is 
performed to search for a match not previously allocated and 

25 each match is allocated to the switch clement corresponding to 
the respective data element. 
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However, rhese conventional scheduling rr.ethods have a 
disadvantage such that the volume of data processing for each 
time slot goes up with the square of the number of ports. 
Accordingly, ir becomes diificult to enhance the speed of 
5 scheduling as the number of input/output ports increases. 

As a promising scheduling protocol to overcoine the above 
disadvantage, a rouna-robin greedy scheduling (RRGS) algorithm 
has been proposed by the present Applicant in Japanese Patent 
Application No. 11-172584 (Unexamined Publication No. 

10 P2000-174817) . The RRGS algorithm can be implemented in an N 
X M packet switch, wherein N scheduling modules S-^-S^, are 
provided for N inputs, respectively. Each of the scheduling 
modules S-.-S^ performs scheduling for a predetermined future 
time slot, and transfers reserved output port information to 

15 the adjacent scheduling module- In this way, output port 
reservation at the predetermined future time slot can be 
completed during N time slots prior to the predetermined future 
time slot. Such scheduling is performed at each time slot by 
pipeline processing to achieve N x N scheduling for future time 

20 slots, resulting in high-speed packet forwarding. 

A framed RRGS algorithm has been proposed by the present 
Applicant in Japanese Patent Application No. 2000-55103 
(Unexamined Publication No. 2001-7822). In the framed RRGS, 
a sequence of frames is sec, each of which consists of a plurality 

25 of time slots. Input packets are scheduled in a current frame 
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SO that they are forwarded to appropriate ones of the output 
pores in a next frame following the current frame. More 
£5pccif icaliy, Lhe scheduling in each friime is performed by 
simujitaneously starting scheduling decision processes of th© 
5 N input port scheduling modules at the beginning of tne f r^ime, 
simultaneously performing the scneduling decision processes 
using 5 pipelined approach in the fram.e, and simuitaneously 
completing the scheduling decision processes at the end of the 
f rame - 

IG Although Lhe above-described RRGS and framed RRGS 

algorlrhms can provide high-speed and high-efficient dara 
forwarding, the amount of output-porr arbitration processing 
increases as the number of input and output ports increases. 



SUMMARY OF THE INVENTION 

15 An object of the present invention is to provide a pipelined 

scheduling method and scheduler allowing high-speed scheduling 
scalable with Lhe number of input and output ports. 

Another object of the present invention is to provide a 
pipelined scheduling method and scheduler allowing high-speed 

20 scheduling and suppressed unfairness among inputs. 



2001 09/28 FRI 14:16 FM' 03 3288 3222 Ktsuragi Patent MCGIM&GIBB 



i 007/053 



FQ5-5G2 

According to an aspect of the present invention, a 
scheduler for scheduling packet forwarding connections froru N 
input ports to selacted ones of N output ports az each tiine slor 
m a crosspoint switch, wherein N is a positive integer, 
5 includes: an M x M matrix of scheduling modules, each of which 
schedules packet forvjarding connections from a corresponding 
input group of input ports to selected ones of a corresponding 
output group of output ports based on reservation information 
of combinations of corresponding input and output ports at each 

10 time slot, wherein the N input ports are equally divided into 
M. input groups and the N output ports are equally divided into 
M output groups; and a selector for selecting a sequential one 
of different: module patterns covering the M x M matrix of 
scheduling modules, wherein each of the different module 

lb patterns determines a set of M scheduling modules to avoid 
com.ing into collision with each other and determines a sequence 
of transferring reservation information, wherein a scheduling 
module determined by a selected module patter performs 
reservation of packet forwarding connections based on current 

20 reservation information of combinations of corresponding input 
and output ports and transfers updated reservation information 
according ro the sequence determined by the selected module 
pattern . 

According to anther aspect of the present invention, a 
25 pipelined scheduling method for an N x N crosspoint switch for 
connecting N input ports to selected ones of N output ports at 
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each tirfLS slot, includes the steps of: a) storing N logical 
queues for each of the N input ports, corresponding to 
respective ones of the N output ports, wherein the N input ports 
are equally divided ir.-o M input groups and tne N output ports 
5 are equally divided into M output groups; b) storing packet 
forvjarding requests in an M x M matrix of modules, each of which 
stores packet forwarding requests from a corresponding input 
group of input ports to selected ones of a corresponding output 
group cf output ports; c) selecting M module patterns covering 

IC the M X M matrix of modules, wherein each of the module patterns 
determines a different set of M modules to avoid coming into 
collision with each other; and d) performing the f ollovjing steps 
d.l) through d.3) in each of the M m.cdules determined by each 
of the selected M module patterns at each time slot to perform 

It pipelined scheduling: d.l) reserving combinations of 

corresponding input and output ports at a predetermined future 
time slot depending on the corresponding packet forwarding 
requests based on input port reservation information and output 
port reservation information, which are received from two 

20 previous-stage modules in row and column directions of the M 
KM matrix; d.2) updating the input port reservation information 
and the output port reservation information depending on which 
combinations are reserved; and d.3) transferring updated input 
port reservation information and updated output port 

25 reservation information to two subsequent-stage modules in row 
and column directions of the M x M matrix. 
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The seep d) may be concurrently performed in M scheduling 
processes for different future time slots, wherein each of the 
M scheduling processes starts with a different one of the 
selected M mod-ale patterns. h:3ch of the selected M module 
5 patterns may be a diagonal service pattern in a predetermined 
diagonal module group. 

According to the present invention, a method for scheduling 
packet forwarding connections providing combinations of N input 
ports and N output porLs of a crodapolnt switch, includes the 

10 steps of: grouping possible combinations of the N input ports 
and the N output ports into M x M groups, wherein the N input 
ports are equally divided into M groups and the N output ports 
are equally divided into M groups; allocating a packet 
forwarding request from an input port to a desired output port 

15 to a corresponding one of the M x M groups; sequentially 

selecting a predetermined set of M diagonal service patterns 
in the M x M groups; and scheduling packet forwarding 
connections in pipelines according to a sequentially selected 
diagonal service pattern. 

20 As described above, different module patterns covering the 

M X M matrix of scheduling modules are prepared to avoid coming 
into collision with each other. Accordingly, it is possible 
tor the M X M matrix oi scheduling modules to perform pipelined 
scheduling in both row and column directions of the matrix, 

25 resulting in enhanced efficiency of packet forwarding and 

therefore high-speed scheduling. Further, since the input and 

- 7 - 
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output ports are divided into M x M groups, the high-speed 
scheduling scalable with the number of input and output ports 
can be achieved. 

M scheduling processes for different future time slots can 
5 be concurrently performed in pipelines and each of the M 
scheduling processes starts with a different one of the selected 
M module patterns . Accordingly, an equal chance of reservation 
13 given to the W x M matrix of scheduling modules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 FIG. 1 is a block diagram showing a packet switching system 

employing a switch scheduler according to the present 
invention; 

FIG. 2 is a diagram showing a correspondence relationship 
between grouped input lines and grouped output lines ; 

15 FIG. 3 is a block diagram showing a switch scheduler 

according to an embodiment of the present invention; 



FIG. 4 IS a schematic diagram showing a packet storing 
.srar.iis of a VOQ in the Bmbodiment? 
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FTG. 5A is a block diagram showing an example of the switch 
scheduler for explanation of a two-dimensional pipelined 
scheduling method according to the embodiment of the presenc 
invention; 

5 PIG. 5B is a diagram showing an example of a matiix aLoxed 

in one scheduling module of rhe switch scheduler as shown in 
Fig. 5A; 

FIG. 6 is s time chart showing a first frame of rime slots 
in a two-dimensional pipelined scneduiing performed in the 
10 swirch scheduler as shown in ir'ig. 5A; 

FIG. 7 IS a time chari; showing a second frame of time slots 
in a two-dimensional pipelined scheduling performed in rhe 
switch scheduler as shown in Fig. bR; 

FIG. 8 is a time chart showing a third frame of time slots 
15 in a two-dimensional pipelined scheduling performed in the 
switch scheduler as shown i.i Fig. 5A; 

FIG. 9 is a diagram showing a first example of selected 
sets of diagonal modules and connection sequences of the 
diagonal modules in the two-dimensional pipelined ."scheduling 
20 performed in the switch scheduler as shown in Fig. 5A; 
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FIG. 10 is a diagrarn. showing a second example of selecred 
sets of diagonal nodules and connection sequences of the 
aiagonal modules in the two-dimensional pipelined scheduling 
performed in the switch scheduler as shown in Fig. 5A; 

5 FIG. 11 is a diagram anowing a third example of selected 

sets of diagonal modules and connection sequences of the 
diagonal modules in the two-dimensional pipelined scheduling 
performed in the switch scheduler as shown in Fig. 5A; 

FIG- 12 is a diagram showing a fourth example of selected 
10 sets of diagonal modules and connection sequences ot the 

diagonal modules in the two-dimensional pipelined scheduling 
performed in the switch scheduler as shown in Fig. 5A; 

FIG. 13 is a diagram snowxng a fifth example of selected 
sets of diagonal modules and connection sequences of rhe 
15 diagonal modules in the two-dimensional pipelined scheduling 
performed in the switch scheduler as shown in Fig. 5A; and 

FIG. 14 is a diagram showing a sixth example of selected 
sets of diagonal modules and connection sequences of the 
diagonal modules in the two-dimensional pipelined scheduling 
20 performed m the switch scheduler as shown in Fig. 5A. 
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DETAILED DESCRIPTION OF THE PREFERRED L-MBOUIMENTS 

Switching system 

Referring to Fig. 1, a packet switching system according 
r.o an p.mborii rae.nt of the present invention is provided with a 
5 switch section 201 including an N x N crosspoint switch 202 and 
a switch scheduler 203. The crosspoint switch 202 has N input 
ports corresponding to respective ones of N input lines 204_1 
to 204 N and N output ports corresponding "CO respective ones 
of N output lines 205 1 to 205_N, where N is an integer greater 

10 than 1. The respective N input ports of the crosspoint switch 
202 are connected to the N input lines 204_1 to 204_N through 
N- input interfaces each including N VOQs (virtual output queues) 
20G 1 to 206_N. Each of the N input interfaces includes noL 
on:.y a VOQ but also a destination resolution engine and a packet 

15 asserrOoly/disassambly section (PAD) , which are not shown in Fig. 
i. Here, the crosspoint switch 202 performs switching of 
fixed-length packets (cells) . The PAD assembles packets from 
cells received from the crosspoint swirch 202 and disassembles 
packets received from a corresponding input line into cells to 

20 be forwarded to the crosspoint switch 202. 

From a viewpoint of function, the N input lines 204_1 to 
2G4_N are equally divided into M input groups (IGs) 211, where 
M is a submultiple of N. Accordingly, each input group 211 
accomnodates N/M input lines and corresponding VOQs. 

25 Similarly, the N outDut lines 2C5__1 to 205_N are equally divided 
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into M output groups (OGs) 212. Accordingly, each output group 
212 accommodates N/M output lines. Each of the VOQa 206_1 ro 
206_N sends a packet forwarding request (RQ) to the switch 
scheduler 203 and receives packet forwarding permission (OK) 
5 from r.he swirch .scheduler 203. 

Referring to Fig. 2, da dei>cribed above, the N input lines 
2U4_1 to 2U4__N are equally dividea into M input groups IG_1 to 
IG_M and the N output lines 205_1 to 205_N are equally divided 
into M output groups 0G_1 to OG_M. According.ly, there are K 

10 j< M different coitbi.nations of M input groups and M ou"cput groups . 
In this embodimsnr , M x M scheduling modules S(l,l) to S(M,M) 
are provided corresponding to respective ones ot the M x M 
different cnmbi nat i on.s . 

The VOQs 20G_1 to 20 6_N have tne same structure. As shown 

15 in Fig. 4, taking ^he VOQ 20S_1 corresponding to rhe input line 
204_1 as an example, the VOQ 20d_1 stores N logical queues 
(bullei memories) 242_1 to 242_N each corresponding -co the N 
output lines 205_1 to 205_N. Frora a viewpoint of function, the 
N logical queues 242_1 to 242_N are equally divided into M groups 

20 244_1 to 244_M, which correspond to the M output groups 0G_1 
to OG M, respectively. When a fixed-length packet arrivess at 
rhe VOQ 206_1 through the input interface of the input line 204_1, 
the input packet is sent to one of the N logical queues 242 1 
to 242_N depending on -he destination address of the input 

25 packet and stored therein. The nuraber of stored packets would 
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be different from queue to queue as shown by the diagonally 
shaded area in Fig. 4. 

Switch sch ig dul^r 

As shown in Fig. 3, the switch scheduler 203 prepares the 
5 M X M scheduling modules S(l,l) to S{M,M) corresponding to 
respective ones of the M x M different combinations. Here, a 
scheduling ir.odulc S(i,j) corresponds to a combination of i- 
th input group IG_i and i-th output group 0G_ j , where i = 1, 
2, ,.. , or M and j = 1 , 2 , ... , or M . Since the input group IG_i 

10 and tha output group OG_j accorrimodate respectively N/M inpur 
lines and N/M output lines, tne scheduling ir.odule S(i,j) 
performs N/M x N/M different schedules for a g.i.ven future time 
slot based on packet forwarding requests issued from the 
corresponding N/M VOQs . When completing the schsduiing, the 

15 scheduling module S(i,j) transfers reserved input port 

informaLlon 231_j, or input port reservation status, updated 
by the scheduling module S (i, j ) to an adjacent scheduling module 
S(i-l,j), where if i-1 = 0, then it is replaced with M. At the 
same time, the scheduling module S(i,j) transfers reserved 

20 output port information 232_i, or output port reservation 
status, updated by the scheduling module S{i, j) to an adjacent 
scheduling module S(i,j+1), where if j+1 = M+1, then it is 
replaced with 1. 

In this embodiment, a packet to be forwarded has a fixed 

25 length and one time slot is defined as a time period required 



2001 09/28 FRI 14:19 FM 03 3288 3222 Ktsuragi Patent ^ MCGI1«&GIBB 



i 016/053 



FQ5-562 

for forwarding a packet from one input port to one output port- 
When receiving the reserved input and output port information 
231 : and 232_i from the previous scheduling modules S(i+l,j) 
and S(i,j-1), the scheduling module S(i,i) makes a two- 
5 dimensional reservation of input and output ports based on the 
packet forwarding requtishs from corresponaing VOQs and the 
reserved input and output port information 231_-] and 232_i SO 
as to avoxd coming into collision with other scheduling modules . 
In Fig. 3, the reserved input port information 231_j 

10 sequentially visits a column of scheduling nodules S(l,j) to 
S(M,j) in round robin fashion and the reserved output port 
information 232_i sequentially visits a row or scheduling 
inodule,s S (i, 1) -S (i, M) in round robin fashion. In other words, 
-he scheduling modules S(1,1)-S{M,M) are connected in row and 

15 column directions so as to make a round of reservation 

information. However, such a scheduling module connection 
sequence is not limited to as shown in Fig. 3. The scheduling 
module connection sequence may be determined depending on which 
one of different diagonal module groups is selected (see Figs. 

20 9-14). 

Two-dimensi o nal pipelined schedul i ng 

As shown in Fig. 5A, a matrix of scheduling modules S^-S^^ 
is provided in the swirch scheduler, for simplicity, when N=16 
and M=4 in Tig. 3- In this case, the switch section 201 has 
25 a 16 X 16 crosspoint switch 202 having 16 input ports and 16 
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output ports. The 16 input lines are equally divided xnro 4 
input groups and the 16 output lines are equally divided inro 
4 output groups. Accordingly, there are 16 different 
combinations of 4 input groups and 4 output groups, the 
5 different combrnarions corresponding to respective ones of the 
scheduling modules Si-S^^. 

Referring to Fig. 5B, a scheduling module (i == 1, 2, 
, or 16) stores a 4 x 4 matrix of corresponding input ports 
(indicated by numerals 1-4 in vertical direction on the left 

10 side of the matrix) and output ports (indicated by numerals 1-4 
in horizontal direction on the top of the matrix) . More 
specifically, each component of the 4x4 matrix uses a logical 
value "1" or "0" to indicate the presence or absence of a packet 
forwarding request from a corresponding input port to a 

15 corresponding output port. Taking the scheduling module S, as 
an example, since the (1,1) component is "0", there is received 
no packet forwarding request from the input port 204_1 to the 
output port 205_1. Since the (1,2) component is "1", there is 
received a packet forwarding request from the input port 204_1 

20 to the oatput port 205_2. 

In Fig. 5A, the scheduling module S, stores the 4x4 matrix 
of input porrs 204_1 to 204_4 (indicated by port numbers 1- 
4 in vertical direction on the left side of the m.atrix) and output 
ports 205_1 to 205_4 (indicated by port numbers 1-4 in 

25 horizontal diiection on the Lop of I: he matrix) . Similarly, the 
scheduling module S, stores the 4 x 4 matrix of input ports 204_1 
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to 2C4_4 (indicated by port nuirJDers 1-4 in vertical direction 
on bhe Isf b aide of the matrix) and output ports 205_5 to ?0 5_8 
(indicated by port numbers 5-0 in horizontal direction on Lhe 
top of tne matrix) . The same goes for the following scheduling 
5 modules S,-Si„. 

FoL example, when a packet has been received ar the input 
port 204_2 to be forwarded to the output porr 205_3, the 
corresponding VOQ 206 2 sends a packer forwarding request for 
the output port 205_3 to rhe switch scheduler 203 . In this case, 

10 the packet forwarding request enters the scheduling module 

and thereby rhe (2,3) component of the iriatrix changes from "0" 
-o "M" . Similarly, when a packet has been received at: the input 
porr 204_7 to be forwarded to the output port 205___11, the 
corresponding VOQ 206_7 sends a packet forwarding request for 

15 the output port 205_11 to tne switch scheduler 203. In this 
case, the packet forwarding request enters the scheduling 
raodule S, and thereby the (3,3) component of the matrix changes 
from "0" to "1". 

As shown in Fig. 5A, in this example, the four scheduling 

20 modules S^, 5^, S^, and S^^ provide a diagonal service pattern 
in a selected diagonal module group. It is apparent from Fig. 
5A that the four scheduling module.g S,, 3^, 3n, and S^,; are 
combined to avoid coming into collision with other scheduling 
modules. For example, the input ports 2C4_1 to 2 04_4 o± the 

25 schedultng modules Sj do not come into collision with other input 
porrs 204_5 to 204_16 of the other scheduling modules S,,, Sji, 
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and S,,;. Similarly, the output ports 205_1 to 205_4 ot the 
schadulmg modules Si do not come into collision with other input 
ports 205__5 to 205_16 of the other scheduling modules S^, S^^, 
ana S^j. 

5 There are further three diagonal service patterns in the 

selected diagonal module group: [S-^r S-,r Si., S,^) ; (S^, S^, S,, 
S,.) ; and (S., B^, S^^r S.r,) . These four diagonal service patterns 
concurrently perform respective scheduling processes for 
different future time slots in the same time slot, resulting 

10 m enhanced efficiency of scheduling. 

When each scheduling module completes its scheduling 
processes in a time slot, the scheduling module transfers the 
reserved input port information to an adjacent scheduling 
module in the horizontal arrow direction of Fxg. 5A. At the 

15 same time, the scheduling module transfers the reserved output 
port information ro an adjacent scheduling module in ths 
vemcal arrow direction of Fig. 5A. For example, the 
scheduling module updates the reserved input port information 
2 65 and transfers the updated one 2 65 to the adjacent scheduling 

20 module S,. At the same time, the scheduling module updates 
the reserved output port information 261 and transfers the 
updated one 261 to the adjacent scheduling module S^.. Each 
scheduling module performs 4 x 4 scheduling processes for 
predetermined future time slots based on packet forwarding 

25 requests received from corresponding VOQs and the reserved 
input and output port information received from the previous 
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scheduling modules. The reserved input and output port 
information are updated 'oy the scheduling module and then are 
transferred to the next scheduling modules. 

In this manner^ the reserved input and output port 
5 information make a round of the scheduling module Sj to S,,; for 
4 Lime slots while the scheduling modules performing the 
respective scheduling processes, thereby obtaining tne 
scheduling for a predetermined future time slot. 

There are needed two requirements to execute the 

10 above-describad schsduling processes. First, the 4x4 

scheduling processes of a scheduling module including the 
transfer processes of the reserved input and output port 
Information must be completed for one time slot. Second, an 
equal chance o£ reservation must be given to the four input VOQs 

15 lor each group. In other words , if the one-time-slot completion 
and fairness requirements are satisfied, any scheduling 
algorithm may be employed. For example, the scheduling 
algorithms disclosed in United States Patent Nos . 5,299, 190 and 
5,7 34,64 9 may be used. 

2C Referring to Fig. 6, in this example, the scheduling 

modules Si, S,, S.i, and S,, which provide a diagonal service 
pattern in the selected diagonal module group has the right to 
first start reservation of input and output combinations for 
rhe future time slot at the time slot . 

25 When there occur packet forwarding requests from Lhe input 

ports 204_'l to 204_4 to the output ports 205_1 to 205_4 and some 
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of rhem come into collision, the scheduling module S, arbitrates 
the packet forwarding requests, For example, if al 1 voQs 206_T. 
to 206_4 request the same output port 205_1, then the scheduling 
module arbitrates these requests to respond to only one 
5 request. Similarly, when there occur packet forwarding 

requests from the input ports 204_5 to 204_8 to the output ports 
205 5 to 205 a and some of them come into collision, the 
scheduling module S, arbitrates those packet forwarding 
requests. When there occur packet forwarding requests from the 

10 input ports 204_9 to 204_12 to the output ports 205_9 to 205_12 
and some of them come into collision, the scheduling module S,, 
arbitrates these packet forwarding requests. When there occur 
packet forwarding requests from the input ports 204_13 to 204 16 
to the output ports 205_13 to 205_16 and some of them come into 

15 collision, the scheduling module 5,^ arbitrates these packet 
forwarding requests. In this manner, the scheduling modules 
Si, S,, Sii, and S^, perform the scheduling of a scheduling process 
group 281 at the time slot T^. 

After having completed the scheduling, the scheduling 

20 modules S,, S^, S^, and S,, perform updating and transferring 
of reservation status information. More specifically, the 
scheduling module Si updates the reserved input port information 
265 and the reserved output port information 261 and then 
transfers the updated ones 265 and 261 to the adjacent 

2 5 scheduling module S, and the adjacent scheduling module S^,, 
respectively. The scheduling module S, updates the reserved 
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input port inJ:orrriation 2 66 and the reserved ourput port 
information 2 62 and then transfers the updated ones 2 66 and 262 
to the adjacent scheduling module S, and the adjacent scheduling 
rr.odule S., respectively. The scheduling module S^^ updates the 
5 reserved input port information 2 67 and the reserved output port 
information 263 and then transfers the updated ones 267 and 263 
to the adjacent scheduling module S,, and the adjaceni: scheduling 
module respectively. The scheduling module S^, updates the 
reserved input port mformarion 268 and the reserved output port 

10 information 2 64 and then transfers the updated ones 2 68 and 264 
to the adjacent scheduling r.odule S^, and the adjacent scheduling 
module Sj,_, respectively. 

At the next time slot Tj, the scheduling modules S_, S,, 
S,:>, dnd perform the next-stage scheduling of the scheduling 

15 process group 2S1 for the future time slot T, based on the 
received packet forwarding requests and the reserved input and 
output port information received from the previous scheduling 
modules S,, S,, Sn. and 5,^, respectively. As described before, 
a previously reserved combination of input and output ports 

20 cannot be reserved in the present scheduling stage of the time 
si ot T, . After havi ng completed the scheduling, the scheduling 
modules S,, S,, Si,, and S,-, perform updating of reservation status 
information and transferring thereof as described before. 

At the next time slot T,, the scheduling modules S,, S^, 

25 S,, and S,, perform the next-stage scheduling of the scheduling 
process group 281 for the future time slot T, based on the 
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received packet forwarding requests and the reserved input and 
output port information received from the previous scheduling 
modules S^, S-,, S,;,, and S,-,, respectively. Afrer having 
completed ths scheduling, the scheduling modules Sj, S^, S,, and 
5 S^. perform updating of reservation status information and 
transferring thereof as described before. 

At the next time slot T^, the scheduling modules S,,, Sj, 
Sii,/ and perform the next-stage scheduling of the scheduling 
process group 231 for the future time slot T, based on the 

10 received packe-c forwarding requests and the reserv,ed input and 
outpur port information reccivGd from ths previous scheduling 
modules S,, S^, S^, and S,,, respectively. 

In this manner, the scheduling process group 2 81 for the 
future time slot is completed for the time period of four 

15 time slots T. to T , . Tn other words, the reservation from the 
input ports 204_1 to 204_l6 to appropriate ones of the output 
ports 205_1 to 205_16 for the future time slot is completed. 

As described above, however, one diagonal service pattern 
such as a set of the scheduling modules S, , S^, Sn, and S^; performs 

20 the scheduling for only one time slot during the scheduling 
process group 281. Accordingly, further three scheduling 
process groups 2S2-2Q4 for different future time slots can be 
operated in parallel to the scheduling process group 281 as 
shown in Fig. 6. In addition, to ensure fairness among the 

25 scheduling modulori S, to S^^, four diagonal service paLtierns may 
be employed to start each of the scheduling process groups 
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281-294 with a ditfersnt diagonal module group. The details 
will be described hereinafter. 

As shown in Fig. 6, the scheduling modules S,, S7, and 
, which provide another diagonal service pa-::tern in tha 
5 selecred diagonal module group perform the scheduling of a 
scheduling process group 282 for the future time slot at the 
time slot: T- . After having completed the scheduling, the 
scheduling modules S., S,, S_;, and S,, perform updating and 
transferring of reservation status information. 

10 At the next time slot T;, the scheduling modules 83, S^, 

S,,, and perform the next-stage scheduling of the scheduling 
process group 282 for the future time slot based on the 
received packet forv.-arding requests and the reserved input and 
ouLput port iaforiiiaLior. received from Lhc previout; scheduling 

16 modules S,, S,, S,,, and S^., respectively. After having 

completed the scheduling, the scheduling modules S3, S^, Sj,, and 
Sj, perform updaring of reservation status information and 
transferring thereof as described before. 

At the next time slot T3, the scheduling modules S^, 5^, 

20 S^u, and 3,^ perform the next-stage scheduling of the scheduling 
process group 2fl? for the future time slot based on the 
received packet forwarding requests and the reserved input and 
output port information received from the previous scheduling 
modules Sj, S,, Sy, andS,,, respectively. After having completed 

25 the scheduling, the scheduling modules S,, -S., S^o, and 5,5 perform 
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updating of reservation status information and transferring 
thereof as described before. 

At the next time slot T<, the scheduling modules S^, S^,, 
S,,, and Sis perform the next-stage scheduling of the scheduling 
5 process group 282 for the future time slot T„ based on the 
received packet forv/arding request:.? and the reserved input and 
output port information received from the previous scheduling 
modules S,, S,, Sjq, and S^,, respectively, 

In this manner, the scheduling process group 282 ror the 

10 future time slot T^, is completed for the time period of four 
time slots T, to in parallel to the above scheduling process 
group 281. Similarly, the respective scheduling process 
groups 283 and 284 for the future time slots T, and are 
completed for the time period of four time slots to 'i',, in 

15 parallel to the above scheduling process groups 281 and 28?- 
As shown in Figs. 7 and 8, the same operation goes for the 
scheduling process groups 285-289. Since each of the 
scheduling process groups operating in parallel starts with a 
different diagonal service pattern, an equal chance of 

20 reservation is given to the scheduling modules S-^ to Sje- 

Diagonal module groups 

In Fiqs . 9-14, various diagonal module groups each having 
aifferent module connection sequences are shown. A diagonal 
service pattern is formed by four shaded circles in each 4 x 
25 4 matrix, which represents an array of scheduling modules S^-S^^ 
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as shown m Fig. 5A . A diagonal module group is composed of 
four diagonal service patterns connected in serial by three 
horizontal arrows. 

In Figs. 9-14, a parenthesized set of four numerals each 
5 separated by a comma on the top of rhe marrix shown at the top 
lefr. m each of Figs, 9-14 indicate a sequence of transfer of 
reserved input port information, which is commonly used in each 
matrix of Figs . 9-14, Four nuir.erals vertically arranged on the 
left side of the leftmost matrix in each diagonal module group 

10 indicate a sequence of transfer of reserved input port 

information. A parenthesized numeral on the bottom of each 
matrix indicates a serial number of aiagonal service patterns. 
In Figs. 9-14, the same serial number indicates the same 
diagonal service pattern, 

15 In rhe present embodimem: described w.ith reference to Figs . 

5A, 6, and 7, the four diagonal service patterns indicated by 
serial num.bers (1), (2), (3), and (4) as shown in Fig. 9 are 
used as a diagonal module group. 

More specifically, the scheduling modules S,, S,-, S„, and 

20 which provide the first diagonal service pattern (1) perform 

bhe scheduling of bhe scheduling process group 281 at the time 
slot Tj. Afrer having completed the scheduling, the scheduling 
module S, numbered 1 transfers the updated reserved input port 
information 265 to the adjacent scheduling module numbered 

25 2. At the same Linie, the scheduling module S, numbered 1 

transfers the updated reserved output port information 261 to 
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the adjacent scheduling rrtodule Sj-, numbered 4. in the same 
manner, the reserved input port information 265 and the reserved 
output port inforr.ation 261 are sequentially transferred Lo 
adjacent scheduling modules as shown by horizontal and vertical 
5 arrows in Fig. 5A. Therefore, in the selected diagonal module 
group, the parenthesized four numerals each separated by a comrria 
are presented in rhe order as follows: 1,2,3,4, and four 
numerals vertically arranged on the lefr side of the matrix are 
presented from top to bottom in the order as follows: 1, 4, 3, 
10 2. 

As described before, such a scheduling module connection 
sequence is not limited to as shown in Fig. 5A. The scheduling 
module connect: ion sequence can be determined depending on which 
one of different di£igonal ir.oclule groups is selected as shown 
15 in Figs. 9-14. 

Ir is apparent rhat the present invenrion is not limited 
to the 4x4 switchrng system and is also applicable to an 
arbitrary size of matrix. 
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